One sentence summary: The composition of algal and bacterial communities in a mesotrophic, shallow freshwater lake was significantly altered by the macrophyte cover. Editor: Gary King † Tamás Felföldi, http://orcid.org/0000-0003-2009-2478
INTRODUCTION
Planktonic bacterial communities in aquatic ecosystems play a fundamental role in nutrient cycling and energy flow. The composition of the bacterioplankton within a lake can be different due to environmental heterogeneity (e.g. different depths of a stratified water column, littoral versus pelagic zone, inner pond in a lake covered with macrophytes) (Wetzel 2001) . The most intensively studied factors that affect the composition of bacterial communities are pH, temperature, nutrients, salinity, UV radiation and trophic status (Sigee 2005) , although little is known about how various substances from living and decomposing macrophytes affect the composition of bacterial communities. Vertical changes in bacterioplankton composition were described in many lakes (e.g. Máthé et al. 2014) . However, only few publications (Wu et al. 2007; Ng et al. 2010; Zeng et al. 2012) provided detailed data about the within-lake horizontal heterogeneity of the bacterial communities, despite the fact that the effect of inhabiting aquatic macrophytes may result in a comparable horizontal pattern as detected on the vertical scale in the case of deep lakes.
Plant decomposition is modulated by internal (e.g. plant nutrient content, C/N and C/P ratio; Enriquez, Duarte and SandJensen 1993) and external factors (e.g. water physical and chemical characteristics, composition and abundance of microbial and other decomposer communities; Sollins, Homann and Caldwell 1996) . During the decay of algal and plant material, dissolved organic matter is formed, a significant part of which is refractory and gives a yellow-brown colour to natural waters (Wetzel 2001) . These macrophyte-derived coloured substances (coloured dissolved organic matter, CDOM) are N-containing organic acids (Schulten 1995) .
CDOM plays a significant role in freshwater and marine ecosystems, its contribution to the DOC (dissolved organic carbon) pool could be as high as 40%-60% in the majority of aquatic environments (Thurman 1985) . CDOM modifies the optical properties of the water by absorbing both visible and ultraviolet radiation. Thus, aquatic macrophyte cover may cause light limitation in lakes due to the shading effect of macrophytes and to the light absorption of macrophyte-derived CDOM. As a result, light limitation may decrease oxygen production of the phytoplankton. In addition, photochemical and biological degradation of CDOM consumes oxygen. Therefore, aquatic vegetation has dual influence on planktonic bacterial communities: an indirect one, by suppressing algal growth (which results lower oxygen concentration and lower algal extracellular release), and a direct one, by supplying carbon and nutrient source for the microbes (Sigee 2005) . Furthermore, the presence of the higher plants reduces the wind-induced sediment resuspension in shallow lakes.
Over the last decade, the understanding of microbial ecology and diversity has significantly increased due to next-generation DNA sequencing (NGS) methods, like pyrosequencing, as it has been used widely to analyse the bacterial community composition of various environmental samples.
In this paper, we studied the impact of different macrophyte stands on the community composition of planktonic microorganisms. In this regard, Lake Kolon (Hungary) represented a suitable model system, since the lake is a reed-covered marsh consisting artificially created inner ponds with bladderwort and water-lily and a relative large open-water area.
MATERIALS AND METHODS

Study site and sampling
Lake Kolon is a freshwater marsh located in the Kiskunság National Park, Hungary, Central Europe (Fig. 1) . The lake is mesotrophic and has a neutral or slightly alkaline pH (∼7.0-8. Eaton et al. (2005) ; total phosphorus (TP) and orthophosphate (soluble reactive phosphorus, SRP) according to Murphy and Riley (1962) and Mackereth, Heron and Talling (1989) , respectively; TOC, DOC and CDOM according to Balogh, Németh and Vörös (2009) ; chlorophyll a (Chl) according to Wellburn (1994) and bacteriochlorophyll a (Bchl) according to Biel (1986) .
Microscopy
The abundance and composition of autotrophic picoplankton (APP) was determined according to MacIsaac and Stockner (1993) with an Olympus BX51 epifluorescence microscope at 1000× magnification using blue-violet (U-MWBV2) and green (U-MWG2) excitation light. This allowed us to distinguish between two (phycoerythrin-and phycocyanin-rich) types of picocyanobacteria and pico-sized eukaryotic algae. Twenty fields (∼400 cells) were photographed with an Olympus DP71 colour camera, and cells were counted on the images to avoid fluorescence fading. Abundance of infrared-fluorescent, bacteriochlorophyll-containing cells was determined on the same fields photographed with an Olympus XM10 infrared camera using blue (350-550 nm) excitation light according to Jiao, Zhang and Chen (2006) . Nano-and microplankton (abbreviated simply with NP) samples were fixed with Lugol's solution, their abundance and composition (based on morphospecies identification) was determined with an inverted microscope (Utermöhl 1958) . Total biovolume of the nano-, micro-and picoplankton was calculated on the basis of cell volume and abundance values. Biomass (wet weight) was estimated from the total biovolume of the fractions assuming a specific gravity of 1.0 g/cm 3 .
Heterotrophic bacteria were enumerated following staining with DAPI according to Hobbie, Daley and Jasper (1977) with an Olympus BX51 epifluorescence microscope at 1000× magnification using ultraviolet (UV-MNU2) excitation light. Twenty fields (∼400 cells) were photographed with an Olympus DP71 colour camera and bacterial cells were counted on the images.
Next-generation DNA sequencing
From each water sample, 200 ml was filtered through a 0.22 μm pore-size filter (Millipore, Billerica, USA), and the filters were stored at −20
• C until the community DNA isolation started. Total genomic DNA extraction, PCR amplification of the 16S rRNA gene and sequencing were performed as described in detail by Szabó et al. (2017) . Briefly, the 16S rRNA gene was amplified with universal bacterial primers S-D-Bact-0341-b-S-17 forward (5 -CCT ACG GGN GGC WGC AG-3 ) and S-D-Bact-0785-a-A-21 reverse (5 -GAC TAC HVG GGT ATC TAA TCC-3 ) according to Klindworth et al. (2013) . Quality control of the amplicons was carried out using a model 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA). Emulsion PCR, amplicon library processing and pyrosequencing were performed on a GS Junior sequencing platform according to the Lib-L protocol of the manufacturer (Roche/454 Life Sciences). Raw sequence data have been deposited to the NCBI Sequence Read Archive and accessible through the BioProject accession number PRJNA385391.
Bioinformatic and statistical analyses
Bioinformatic analysis of the resulting sequence reads were carried out with mothur (Schloss et al. 2009 ) as described in detail by Szabó et al. (2017) . Cluster analysis (CA) was performed based on operation taxonomic units (OTUs) using the PAST software (Hammer, Harper and Ryan 2001) . OTUs were generated using 97% 16S rRNA gene sequence similarity, corresponding to the prokaryotic species-level threshold according to Tindall et al. (2010) . Alpha diversity (estimated using the Shannon-Wiener and Inverse Simpsons's (1/D) diversity indices) and species richness values (using the Chao1 and the ACE richness metrics) of the bacterioplankton communities were calculated using mothur, while CA, diversity indices and species richness of algal communities were calculated based on phytoplankton biomass data using the PAST software. Relationships between environmental variables and bacterial or algal community composition were revealed by principal component analysis (PCA) ordination combined with vector fitting. Environmental variables were fitted as vectors with 'envfit' function (package vegan, Oksanen et al. 2016) onto the PCA ordination of bacterial OTUs or algal biomass data, and the significance of fittings was tested with random permutations in program R (R Development Core Team 2016). Similarity percentage (SIMPER) method (Clarke 1993 ) was used in the PAST software to identify which bacterial or algal community members have the largest effect on sample separation.
RESULTS
Physical and chemical characteristics of Lake Kolon water
Sampling sites had similar physical and chemical characteristics regarding most of the measured parameters. However, openwater samples (OS and OM) were characterised by higher DO content (Fig. 2) , and the sample BB had lower pH, DO concentration and higher concentration of bacteriochlorophyll a and inorganic nutrients, namely TP and SRP ( Table 2 ). The temperature of the water body varied between 8.9
• C and 9.9
• C (therefore it was omitted from the subsequent statistical analysis), and the pH was around neutral. The water colour value (Pt units) ranged between 124 and 273 mg l −1 . Algal biomass was moderately low with chlorophyll a concentration between 5 and 10 μg l −1 excepting the reed sampling site (RS), where higher value was found (Table 2 ). Depth-specific changes of dissolved oxygen content at the sampling sites of Lake Kolon. For site codes, see Table 1 .
Phytoplankton community composition of Lake Kolon
Phytoplankton biomass (wet weight) varied between 200 and 1500 μg l −1 (Table 3 ; Fig. 3B ). The highest values were detected at the reed-and at one of the bladderwort-dominated sampling sites (sample RS, BM), while the lowest biomass values were found at the bottom of the bladderwort-and water-lilydominated sampling sites (samples BB and LB). Vertical decrease of the phytoplankton biomass corresponded well to the DO concentration pattern, particularly at the bladderwort-dominated sampling site. Biomass of APP was negligible in all samples (Table 2) . At the majority of the sampling sites, phytoplankton was dominated by small cryptophytes (Cryptomonas sp.); however, significant contribution of heterokont flagellates (Dinobryon divergens) was observed at the open-water and the waterlily-dominated sampling sites (Table 3 ; Fig. 3 ). Euglenophytes (Euglena acus, Phacus pyrum and Strombomonas sp.) had also a significant contribution at the surface and middle layers of the bladderwort-dominated sampling sites as well as that of the water-lily-dominated sampling site. Oxygen-depleted, bottom layer of the bladderwort-dominated sampling site (sample BB) differed significantly from the other sites showing almost exclusive dominance of small-sized chrysoflagellates (Heterokontophyta).
Bacterioplankton community composition of Lake Kolon
A total of 51 757 high-quality bacterial 16S rRNA gene sequences were obtained from the samples by NGS. Good's coverage values and rarefaction curves (Table 4 ; Suppl. Fig. 1 ) showed that sequencing depth was sufficient to recover all major taxa. At phylum level, dissimilar bacterial communities were found at the sampling sites (Fig. 4A) . All samples were dominated by members of phyla Proteobacteria (36%-72%), Bacteroidetes (12%-33%) and Actinobacteria (5%-26%), but in sample BB the ratio of Chlorobi (54%) was also considerable. Within Proteobacteria, higher percentages of taxa affiliated with classes Beta-and Gammaproteobacteria were present in the openwater samples and in those that were collected from the bladderworth-dominated inner lake, while in addition to these classes, Deltaproteobacteria were also found in high abundance at the water-lily-dominated site, whereas classes Alpha-and Betaproteobacteria were the most numerous in the samples collected from the reed belt. Table 5 shows the 10 most abundant cultivated genera in the nine samples analysed by NGS, while in Fig. 4A all major detected genera are depicted. Rhodoluna, Polynucleobacter, Limnohabitans, Flavobacterium and 'unclassified Actinobacteria (hgcl clade)' were abundant in all samples. Genera Bacteriovorax, Methylobacter and Limnohabitans were detected as characteristic taxa of the water-lily-dominated inner lake. Genera Crenothrix and Methylocaldum were only identified in the open-water samples. 'Unclassified Methylococcales (CABC2E06)' were abundant in the upper layers (samples BS and BM) of the bladderwort-dominated inner lake and the water-lily-dominated inner lake. Amount of 'unclassified Rhizobiales' was significant in the sample taken (Reynolds et al. 2002) For site codes, see Table 1 . Figure 3 . Taxonomic composition of phytoplankton communities in Lake Kolon at the phylum (A) and species level (B) based on microscopy data. For sample codes, see Table 1 .
from the surface layer of the reed belt (sample RS). Different community was found at the deep region of the bladderwortdominated sampling sites (sample BB) with representatives of genera Chlorobium, 'unclassified Chlorobiaceae', 'unclassified Desulfuromonadales', 'unclassified Parcubacteria (OD1)' and 'unclassified Bacteriodetes'.
Microbial diversity in Lake Kolon
Number of observed species and species richness estimators (Chao1 and ACE) showed the highest bacterial and algal α-diversity in sample LM (water-lily, medium depth) and the lowest in sample BM (bladderwort, medium depth). Bacterial diversity indices had the highest values in samples collected from the open-water site (OS and OM), while the highest algal diversity was observed in sample LM. Algal and bacterial communities had the lowest diversity values in sample BB (taken from the anoxic deeper region of the bladderwortdominated inner lake) (Table 4) .
Exploratory data analysis
Similarity among the bacterioplankton and the phytoplankton communities at different sampling sites was revealed by CA (Fig. 5) . CA clearly showed horizontal shifts in the bacterial community composition within the lake, since samples characterised by the same type of macrophyte stand clustered into four major group (45% similarity). Lower dissimilarities were observed by different water depth (Fig. 5A) . Furthermore, the composition of algal communities was also determined by the macrophytes (Fig. 5B) . The anoxic bladderwort-dominated . Taxonomic composition of bacterioplankton communities in Lake Kolon at the phylum (A) and genus level (B) based on NGS data. Chloroplast reads were excluded from the dataset. Note that, in the case of sample BB, DAPI cell counts were much higher than in the case of other samples (see Table 2 ) due to the high abundance of genus Chlorobium. In Fig. 4A , class level distribution is shown for phylum Proteobacteria. Taxa not identified at the genus level are indicated by an asterisk and their highest taxonomic identification. For sample codes, see Table 1. sample (sample BB) was remarkably distinct from others in the case of both the bacterio-and phytoplankton. PCA (Fig. 6 ) confirmed the results of CA. Significantly fitted environmental variables were plotted onto the PCA ordinations of the bacterial and algal communities. Figure 6A shows that the most unique community was found in sample BB, which was separated from the other samples along axis PC1. This axis correlated positively with the changes in DAPI, CDOM and SRP. The other bacterioplankton communities were separated along axis PC2 according to their sampling sites. Figure 6B shows that biomass of the three dominant phytoplankton species correlated with the distribution of limnological variables. Algal communities in water-lily-dominated and open-water sites separated from the other samples. Table 5 . Percentage distribution of major bacterial genera having cultured representatives which were detected by NGS in different habitats of Lake Kolon.
Metabolic type: CO, chemoorganotrophic; R, respiratory type of metabolism; PR, strong proteolytic activity; M, degradation of macromolecules; LA, lithoautotrophic; ME, methanotrophic/methylotrophic; Relation to oxygen: (s)AN, (strictly) anaerobic; (s)AE, (strictly) aerobic; fAN, facultatively anaerobic. For site codes, see Table 1 . Comparison of Lake Kolon bacterioplankton (A) and phytoplankton (B) communities with cluster analysis based on NGS and microscopy data. Cluster analysis was calculated using the unweighted-pair group mean averages and the Bray-Curtis similarity index. In the case of NGS data, OTUs used for the analysis were generated with 97% 16S rRNA gene sequence similarity level. Bootstrap values are given at the nodes. For sample codes, see Table 1 .
DISCUSSION
To the best of our knowledge, this is the first work comparing total bacterial and algal communities inhabiting the inner ponds dominated by three different macrophyte stands of the same freshwater lake using high-throughput methods. Based on the observed environmental parameters and obtained microscopy and pyrosequencing data, our results clearly supported that the absence, presence and the type of the macrovegetation determined the planktonic microbial communities.
Differences of the bacterial communities within a lake might be explained by several environmental factors, and one of those could be the compounds originating from the macrovegetation (Enriquez, Duarte and Sand-Jensen 1993) . Our sampling sites were characterised by three different macrophyte species, which have different nutrient content and C/N, C/P ratios ( Table 6 ). The high nutrient content of plant detritus Figure 6 . PCA ordination of the (A) bacterial and (B) algal communities of Lake Kolon based on NGS and microscopy data. Community members, contributing at least 2% or 10% (in case of bacteria or algae, respectively) to sample separation based on SIMPER analysis, are shown with black arrows on the biplot. Fitted environmental variables appear as red arrows, where asterisks denote the significance of fitting (' * * * 'P < 0.001, ' * * 'P < 0.01, ' * 'P < 0.05 '.'P < 0.1). For sample codes, see Table 1 . Van der Valk (1991) could decay rapidly because of the associated heterotrophic microbial populations (Enriquez, Duarte and Sand-Jensen 1993) . This could contribute significantly to the divergent microbial communities observed at different macrophyte-dominated sites of Lake Kolon. In addition, some of the compounds deriving from vascular plants could change the environmental factors, such as light (chromophoric substances), and affect others, e.g. oxygen conditions (by suppressing algae or stimulating aerobic heterotrophs) (Wetzel 2001) . On the other hand, some plant species could release allelochemicals (Wetzel 2001) against microorgansisms (Fossen, Larsen and Andersen 1998; Cisowska, Wojnicz and Hendrich 2011) . Average amount of nutrients (TP and TN) and chlorophyll a content of the samples referred to a meso-eutrophic water type (Wetzel 2001) . Coloured dissolved organic matter (CDOM) concentration (Pt units) ranged between 124 and 273 mg l −1 at the sites, based on these values, Lake Kolon had highly coloured water (>100 Pt units) according to the classification of Hessen and Tranvik (1998) . CDOM most probably originated from decomposing macrophytes, since samples were collected after the vegetation period (however it should be noted that standing stocks of reed are continuously present in the lake). Additionally, Lake Kolon has no inflow, like brooks, therefore DOC present in lake water has almost exclusively autochthonous origin. Balogh et al. (2006) studied a similar environment (Kis-Balaton reservoir) in the same biogeographical region, which had shallow water (1-1.5 m depth) and was covered with reed. Their experiments, using a stable carbon isotopic technique, showed that 1 g of reed leaf produced at least 20 mg DOC and 200 mg Pt-colour under aerobic conditions, while anaerobic decomposition resulted in 30 mg DOC and 200 mg Pt-colour. Since moderate algal biomass was present in the samples collected from Lake Kolon (chlorophyll a concentration ranged from 5 to 10 μg l −1 ), humic substances (and other compounds from decaying plant material) could be available as the major energy and carbon source for planktonic bacteria (Moran and Hodson 1990) . Pyrosequencing results (Fig. 4) showed that samples contained several bacterial taxa which are able to utilise plant degradation products or humic substances. Representatives of phylum Bacteroidetes are mainly chemoorganotrophic bacteria that consume various forms of organic matter (Krieg et al. 2010) , while freshwater pelagic Actinobacteria were selectively favoured by the addition of allochthonous DOC or humic material (Rosenberg 2013) .
Common planktonic freshwater genera, such as Rhodoluna, Polynucleobacter, Limnohabitans and 'unclassified Actinobacteria (hgcl clade)', were abundant in all samples. Flavobacterium is a typical genus which is capable to degrade macromolecules (Krieg et al. 2010) . Members of genus Polynuclebacter might utilise photodegradation products of humic substances in aerobic humic-rich habitats (Jezberová et al. 2010 ), but some freeliving Polynucleobacter similar to Limnohabitans might rely on substrates derived from algal primary production. Limnohabitans prefer monosaccharides (like fructose, glucose and mannose) and certain amino acids (like L-alanine) contrary to some members of Polynucleobacter (Jezbera et al. 2012) .
Differences in the taxonomic composition of microbial communities among sampling sites were unequivocally observed, which were more conspicuous at the genus level compared to phylum-level differences (Fig. 4) . The highest dissimilarities of bacterioplankton communities were detected in the case of comparing the bladderwort-dominated site with the others. The deep region of the bladderwort-dominated sampling site (BB) was found to be different having lower pH and DO concentration, higher concentration of bacteriochlorophyll a and higher nutrient content, namely TP and orthophosphate (Table 3) . This latter could be explained with the observation that under experimental conditions Utricularia release its phosphorus content completely within 30 days, and even at low temperature (8
• C) 25% of TP from the decomposing plant could be released into the water (Kovács and Istvánovics 1994) . Additionally, 60%-80% of its phosphorus content is orthophosphate (Kovács and Istvánovics 1994) which is easily consumed by aquatic microorganisms (Sigee 2005) . Furthermore, its relative phosphorus content is the highest among the three major plant species present in Lake Kolon (Table 6 ). The low oxygen content of sample BB could be explained with the low light intensity (virtually no phytoplanktonic oxygen release, Fig. 2) , with the large amount of macrophyte-derived dissolved organic matter (high rate of microbial respiration, Vörös 1994) and possibly with the internal trap structures of Utricularia which are able to consume the O 2 rapidly and therefore may cause anoxia (Adamec 2011) . The different physical and chemical parameters and the higher P content of Utricularia may explain that the most unique community was found at the deep region of the bladderwort-dominated sampling site (sample BB) with representatives of genera Chlorobium, 'unclassified Chlorobiaceae', 'unclassified Desulfuromonadales', 'unclassified Parcubacteria (OD1)' and 'unclassified Bacteriodetes'. Sulphate-reducing Desulfuromonadales (Brenner, Krieg and Staley 2005) , BChl-a-containing, green sulphur Chlorobiaceae and Chlorobium grow under anoxic conditions (Rosenberg 2013) . Parcubacteria and Bacteroidetes are mostly anaerobic; Parcubacteria has small, reduced genomes and possibly a symbiotic lifestyle (Nelson and Stegen 2015) , while Bacteroidetes (as mentioned above) may utilise proteins and other substrates (Krieg et al. 2010) . Methylotrophs (including methanotrophs), such as Crenothrix, Methylocaldum and Methylobacter, represented approximately 10% of the bacterioplankton community in almost all samples (Table 5) ; however, they were practically absent in the bladderwort-dominated inner pond. A possible explanation for this observation is that the large amount of humic compounds derived from decomposing aquatic macrophytes could be used as terminal electron acceptors in the process of anaerobic microbial respiration which may competitively suppress methane formation (Klüpfel et al. 2014) .
The relative abundance of many genera was below 6% in each sample, implying high bacterial diversity in the samples. Diversity of microbial communities was corresponded with the presence and the type of dominant macrophytes. The availability of carbon sources could have a profound effect on the microbial community structure and biodiversity in humic shallow lakes (Sigee 2005) . Sample BB with the lowest bacterial species number had highest level of orthophosphate, and therefore the growth of some bacterial species sensitive to anoxic condition and high levels of orthophosphate might be restrained, which could reduce the bacterial diversity in the samples (Margalef 1958) . Similarly, fluctuating environmental conditions (e.g. wind-driven turbulence) and low nutrient content might result an increased diversity in the open-water site (Wu et al. 2007) . In macrophyte-absent areas of shallow lakes, wind-driven turbulence is more intense than in macrophyte-covered sites (Jeppesen et al. 2012 ) since aquatic higher plants have a calming influence on sediment resuspension and on other wind-driven process. Sediment particles in the water column usually lead to spatial and chemical heterogeneity in the open-water area (Simon et al. 2002) , which create further ecological niches for planktonic bacteria (Wu et al. 2007) , and as a result increasing the observed species richness and diversity.
The relationship between bacterial communities and aquatic plants has been studied previously, although we found only few detailed research studies, which were performed with mostly low-throughput analyses or were based on microcosm experiments, and focused on other macrophyte species. Huss and Wehr (2004) conducted micro-and mesocosm experiments to study the possible effects of Vallisneria americana (water-celery) on bacterial growth and water chemistry in the mesotrophic Calder Lake (USA). They concluded that the submersed macrophyte exerts a strong, indirect effect on the bacterial community by changing nutrient status and/or suppressing algal communities. The other site studied in this regard was the eutrophic, shallow Lake Taihu (China), where different macrophytes cover distinct parts of the lake, and it has been observed that aquatic plants can influence the total bacterioplankton community (Wu et al. 2007; Zeng et al. 2012 ) and the denitrifiers within the bacterioplankton and epiphyton (Fan et al. 2016) . Zhao et al. (2013) reported from the same lake that submerged macrophytes (Ceratophyllum demersum, Potamogeton crispus and Vallisneria natans) can modify also the bacterial community composition in the sediment. Hempel et al. (2008) compared the composition of epiphytic bacteria on two common aquatic macrophytes (the macroalga Chara aspera and the angiosperm Myriophyllum spicatum) from two habitats: the freshwater Lake Constance (Central Europe) and the brackish Schaproder Bodden (Baltic Sea). Their results showed that the plant (in this case a substrate of bacterial biofilm) and habitat had a combined impact on the bacterial community composition which might be also affected by the polyphenol content of the plant.
Nevertheless, macrovegetation could also strongly influence the composition and biomass of phytoplankton (Wetzel 2001) , which presumably affect the bacterial communities (Grossart and Simon 2007) . In the open-water and the waterlily-dominated samples, Dinobryon, a typical planktonic alga, was the most abundant. Since the majority of water-lily leaves had been decayed until the time of sampling, for algae similar conditions were present there as in the open-water site. At almost all sites, Cryptomonas was a dominant member of the phytoplankton community, this alga prefers habitats with high organic matter content that might derive even from the decomposing macrophytes in our case.
Our phytoplankton results could be compared with the microscopy data obtained from Lake Fertő (Lake Neusiedl, Austria/Hungary) (Somogyi et al. 2010) . Lake Fertő is a large, shallow, alkaline, meso-eutrophic lake with a turbid open-water area, and similarly to Lake Kolon, it also has reed-belt-enclosed brown-water inner ponds. Comparing the taxonomic composition of phytoplankton inhabiting the two lakes, Heterokontophyta and Cryptophyta were characteristic members of the communities, and genus Cryptomonas was also frequent in Lake Fertő. In the case of Lake Fertő, based on the analysis of Somogyi et al. (2010) , samples taken from the reed belt (artificial canal) clearly separated from the open-water sites, similarly to the results obtained from Lake Kolon. Unfortunately, no further comparison is possible, since planktonic algal communities in Lake Fertő were dominated by picophytoplankton (representing up to 80% of total phytoplankton biomass) which was negligible in Lake Kolon, and the taxonomic composition of this group could be revealed only with DNA sequencing. Furthermore, the only data available on the composition of Lake Fertő bacterioplankton were obtained by cultivation-based methods (Borsodi, Farkas and Kurdi 1998) , which also hinders a detailed comparison. However, it was confirmed that macrophytes are the main carbon source of bacterioplankton in that ecosystem (Reitner, Herzig and Herndl 1999) .
CONCLUSION
This is the first comprehensive study, which demonstrated that the composition of algal and bacterial communities in a mesoeutrophic, shallow freshwater lake was significantly altered by the macrophyte cover. Since most of the measured environmental parameters of the samples were similar, the main difference among sampling sites was the species of the dominant macrophyte stands. We observed that freshwater microbial communities (including both bacteria and algae) are not only determined by the presence or absence of aquatic higher plants, but the type of macrophyte also controls their composition. A higher biogenic nutrient concentration present in macrophytes is associated with higher decomposition rate (Enriquez, Duarte and Sand-Jensen 1993) . Bladderwort has higher phosphorus content and lower C/N ratio; therefore, it may be decomposed more quickly than water-lily or reed. The resulted large amount of organic matter caused anoxia in the waterbody at the bladderwort-dominated area, which impacted negatively the diversity of bacterioplankton. Additionally, some compounds derived from aquatic plant species may act as antimicrobial agents against bacteria, e.g. water-lily produces anthocyanins (Fossen, Larsen and Andersen 1998) , and due to their selective action (Cisowska, Wojnicz and Hendrich 2011) such compounds could also have structuring effect on the bacterial and algal community in aquatic ecosystems. In spite of the low water temperature, these differences were also clearly observable in Lake Kolon, possibly because of the fact that samples were collected after the vegetation period, i.e. huge amount of decaying plant biomass was available in the water.
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